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ABSTRACT

W reassessed-an enpirical nodel for nunerical-ocean surface
current sinulations (OSCURS) that was developed in 1988 to
anal yze, variability:in Lagrangian drift in the North Pacific
Ccean and Bering Sea (north of lat. 35°N). The nodel, which
conputes currents from the vector sum of geostrophic current plus
wind drift was tuned with data fromthe Qulf of Al aska, collected
in 1978 with satellite tracked drifters drogued at 20 m By
applying increnented linear tuning coefficients to find the best
fit, we evaluate its sensitivity to several functions for
conputing drift speed and angle of deflection of the current to
the right of the wind. The best agreement was obtained using 1.2
times Wtting's fornula (4.:8~\/;)‘or drift speed and either a
constant 25 degrees or Wber's function for the angle of
deflection to the right of the wind. Despite linmtations due to
the conmputation of wi nds from Fleet Numerical Cceanography Center
gridded sea level pressure data, the 90 kmgrid size, and the
once daily time step, we-obtained remarkably good visual
agreenent between the nodel's progressive vector tracks and two
out of the three drifters available. Although we have not tuned
OSCURS to data fromthe Bering Sea or other parts of the North
Pacific Ccean, we are confident that this nmpbdel can accurately
simul ate ocean currents in the mxed layers of areas other than

the @ulf of Al aska.
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| NTRODUCTI ON

The OSCURS (Ccean Surface Current Sinulations) numerical
nodel was fornulated by |Ingraham and Myahara (1988) as a tool in
devel oping an enpirical index of ocean variability for use in
fisheries management and ecosystem nodeling research in the North
Pacific Ocean and Bering Sea. Since the initial docunent was
compl eted, we have inproved the nmodel by testing other enpirical
formulae for estimating surface drift in the mixed |ayer and
tuning of the nodel output to avail able ocean current
measurenents (satellite tracked drifters).

W report here the results of new functions for angle of
deflection to the right of the wind and linear tuning factors for
speed and update the nodel with the best-fit coefficients.

Al though the conpl ete nodel extends ocean-wide from Seattle to
Tokyo, we focus this first attenpt to tune the nodel in the Gulf
of Al aska, where the first set of satellite tracked drifter
neasurenents was nmade in July 1978 (Reed 1980). W will examine
the portion of the mbdel in the Bering Sea and the central and
western North Pacific Qcean in subsequent publications as
calibration data become available. The results presented here
have increased our confidence that these nodel sinulations of
ocean surface currents reflect ocean conditions well enough to be

useful, especially for variability studies.
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THE | NI TI AL UNTUNED OSCURS MODEL

The basic function of the OSCURS Mdel is to compute surface
currents by vector addition of geostrophic flow and wind drift on
a spatial resolution of about 85 km and to conpute using a daily
tine step. Al though a- sonewhat smaller spatial resolution would
have resolved sonme small-scal e oceangraphic features, our broad-
based fisheries interests required oceanwi de coverage to
enconpass the nmigrations of wide-ranging stocks. In order to
optimze computer storage and conputational time, we used an
orthogonal grid (40X104) of about 85 km (Fig. 1). To ninimze
the effects of the long grid length, we used a two-dinmensional
four-point Bessel function to interpolate between grid points and
anplified geostrophic currents in areas of narrow (subgrid size)
coastal boundary currents, particularly in the Al askan Stream
south of the Al askan Peninsula and the Aleutian |slands. W
hoped that the small, daily time step would allow us to detect
significant details about flow features probably masked by the
longer time averages of previous studies which used seasona
neans (Enery and Hamilton 1985) or nonthly neans (Enery et al.
1985) of sea level pressure in their discussion of variability.

Al though the bulk of the conputations is devoted to
obtaining the total velocity field for any selected day in our
historical sea level pressure file between 1946 and 1987, the
highlight of this nmpbdel's results has been its ability to go to
any location in the field (including between grid points) for the

given day and compute a representative displacenent vector--the
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4
distance and direction a parcel of water in the nmixed |ayer would
move in 24 hours. W produced daily Lagrangi an progressive
vector trajectories (simulated drifter tracks) in a conputationa
| oop of six steps: 1) read in sea level pressure for the selected
day, 2) conpute wind, 3) conpute wind drift current, 4) tune and
sum vel ocity conponents, 5) add boundary effects, and 6) conpute
the surface transport vectors. (distance traveled per day) at each
of the chosen starting points (the end points of these conputed
vectors becone the starting points for the follow ng day's
vectors). W were able to select several tracks with different
starting points for each run. The follow ng sections present the

essential elements of the initial untuned nodel

Daily Surface Current Fields
The daily total current field is the basic unit of OSCURS
Each field is conposed fromthree parts: 1) geostrophic currents,

(2) wind drift, and (3) total currents.

CGeostrophic Currents

We describe here the derivation and anplification of the
geostrophic current field because a portion of the field is used
with the w nd-induced velocity field to conpose the total surface
current vector field for the selected year, nonth, and day.

The first conponent of velocity comes from a standard
cal cul ation (LaFond 1951) of the permanent (Il ong-term mean)
geostrophic current (0/3,000 decibar (db)). W obtained

| ong-term nean tenperature and salinity values at standard depths
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used in the vertical integration of density fromO to 3,000 m
froma 1X1 degree nunerical atlas (Bauer and Robi nson 1985).
Anomal i es of dynanmic height were horizontally interpolated to
obtain values at nodel grid points. W performed near-shore
extrapol ations by adjusting stations shallower than the reference
level of 3,000 mwith the deeper water properties of the nearest
of fshore station.

The major features of this long-term nmean flow (Fig. 2) were
consistent with descriptions in other studies (Favorite et al.
1976; Reed and Schumacher 1987). Sone highlights included a
large area of uneventful or relatively unperturbed easterly drift
with speeds of less than 5 cm sec between 40 N and 50 N from
170 Wto about 140 W and a rather conplex divergence in this
onshore flow toward the north and south (the Geat Divergence).

Hi gher speeds of about 5 cnisec appear locally in the southerly
flow off the California coast and in the northward flow into the
Gl f of Alaska on the eastern portion of the Qulf of Al aska Gyre
Maxi mum speeds of up to 10 cmsec are found in the Al askan
Stream which flows southwestward along the continental slope of
the Al askan Peninsula. These speeds appear artificially |ow due
to the relatively large distance (about 85 kn) between grid
conputation points, because speeds of up to at |east 60 cnl sec
were cal culated by Ingraham and Favorite (1968) from very closely
spaced (5-10 km stations taken across the axis of nmaxi num flow
in the vicinity of the 2,000 misobath. W conpensated for the
grid size linmtation of the nodel by multiplying the geostrophic

velocity at specified grid points by constants (Table 1) which
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Table 1.--Geostrophic current nultipliers at selected I, J grid
poi nts Fl =1, 40; J =1, 104) in the A askan Stream

Geostrophic
current
I J multiplier
9. 75 2.00
10 74 6.00
11 74 1.40
11 73 6.00
12 73 2.00
13 72 7.00
14 71 7.00
15 70 4.00
15 69- 3.00
16 68 4.00
16 67 4.00
17 66 1.40
17 65 6.00
17 64 : 2.00
18 63 6,00
18 62 4.00
19 61 5.00
19 60 7.00
19 . 59 7.00
19 58 6.00
19 57 5.00
19 56 5.00
19 55 5.00
19 54 4.00
19 53 4.00

19 52 3.00
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ranged from a maxi mum of 7.0 at the 2,000 m isobath and decreased
to 1.0 (no change) with distance fromthe 2,000 misobath. The
dom nance of the Alaskan Stream as the major current in the
velocity field after these coefficients were applied is
illustrated in Figure 3. By enhancing only certain grid points
near the 2,000 misobath, we achieved the desired effect of
continuous, high-speed flow between the grid points all along the

Al aska Peni nsul a.

Ccean Currents Due to Conputed Wnd

The second and generally the |argest conponent of velocity
is the wind-induced surface drift. W conputed this drift in
three steps: 1) reading the sea level pressure field for the
chosen date, 2) calculating a wind field fromthe sea |eve
pressure gradient, and 3) calculating a surface current field
froman enpirical function of the wind speed and direction.
Exanpl es of each step for one selected day (17 July 1978) will
illustrate the conputational nethods; for additional details or
comput er handling procedures, see |Ingraham and M yahara (1988).

We obtained daily (time = 00002) sea |level pressure data
fromthe US. Navy Fleet Nunerical OCceanography Center (FNOC) on
their standard 380 km Northern Hemi sphere (63X63) grid. The
nmet hods used in creating a new tine-sequential file (1946 to
1987) of interpolated values at nodel (40X104) grid points for
the model to read is discussed in Ingrahamet al. (1983). Wnd
data were conmputed after the methods of Larson (1975) using a

t wo- di mensi onal , nunerical, five-point central difference fornula
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10
to compute the geostrophic wind fromthe sea | evel pressure
gradient. Dual frictional effects included a deflection angle
and speed reduction. The angle of deflection of the wind to the
left of the pure geostrophic wnd increased toward the south over
the grid fromabout 17 to 23 degrees at | ow wind speeds, and to
about 14 to 17 degrees at higher w nd speeds of 20 misec. The
reduction factor increased toward the north from15 to 20%
Cross-isobar winds were a dominant feature flowing into the
center of |low pressure at lat. 50°N, long. 165°Was well as out
of the high pressure center at lat. 40°N, long. 142°W(Fig. 4).
Al though curvature of the isobars changed greatly and the angle
of leftward deflection decreased in areas of high wi nd speeds, a
consistent cross-isobar wind remained. At this point, we
cal cul ated an ocean current as a direct function of the conputed
wi nd.

Al though we will treat wind drift conputations nore
extensively in the section on nodel tuning, we will summarize
here the functions used in the original nmbdel. Gcean current
speed, which has a typical value of about 1 to 3% of the wind
speed, was conputed by the fornula of Wtting (1909),

c=kViv
where Cis the speed in centineters per second due to the w nd
speed, W in nmeters per second and the proportionality constant k
is equal to 4.8 for speeds averaged over the m xed |ayer
including wave transport (Hubert and Laevastu 1965). For the

angl e of deflection to the right of the wind, D, we nodified
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Wtting's fornula,

D=34.0 - 7.5VW
to decrease with latitude such that the range of deflection was
22-15 degrees at 5 misec, 17-11 degrees at 10 misec, 4-3 degrees
at 15 m'sec, and zero at winds of 20 msec or greater. The
defl ection of ocean currents to the right of the wind nearly
counteracts the deflection of the wind to the left of the
geostrophic wind. COcean currents, therefore, generally appear to
be nearly parallel to the sea level pressure isobars (Fig. 5).
Not abl e exceptions are in the areas of highest wind speed (>15-20
msec) near lat. 47°N, long. 153°W where the conputed deflection

angl e approaches zero.

Total Ccean Currents

A sinple summation of the geostrophic and w nd drift
conponents produces the total current vector field for the day.
To avoid overshooting of vectors onto land, we applied a
logarithmic decrease in speed to zero at the coast and a bending
of vectors in the direction of their incidence upon the coast
within one grid point distance along the entire coastline. In
our tuning exercises, we may apply a nultiplicative factor before
the summation so that different weights nay be applied to each
conponent as desired. This was particularly useful for
elimnating one conponent in order to exanmine wind or geostrophic
effects separately. The wind field dominates the nagnitude of
the final vectors (Fig. 6), except in the A askan Stream where

geostrophi c speeds reach 60 cnisec. Mst of the speeds over the
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rest of the grid are between 10 and 20 cmisec. Current patterns
will, therefore, be considerably variable day to day and season
to season due to the brevity and variability of the winds.
Rat her than show the 15,330 possible daily exanples of tota
current fields between 1946 and 1987, we have sel ected severa
days or nmonths of current, fields and analyzed their cunulative

effect on drift.

Progressive Displacenent Vectors

In order to show this cumnul ative effect, the node
calculates a series. of daily displacenent vectors and stores
their coordinates in a file for later plotting as progressive
vector tracks. The nodel requires only a list of starting
locations in grid units for each desired track, a start date, and
a stop date. For each day, the nodel interpolates a velocity
vector within the total current field at the |ocation of each
start point, then calculates the displacement for 24 hours of
drift at that velocity, and stores the start and end points in a
file. The end points are used as the start points for the next
day's conputations. The loop continues in daily tine steps unti
the nodel reaches the stop date, which ends the nodel run. The
graphics output programthen reads the file of daily start and
end points, connects the points to formthe progressive vector
tracks, and plots a background chart with the square nodel grid,
coastline, and bathynetry.

In this section we will conpare the tracks conputed by the

original nodel and the drifter tracks deployed at the same
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starting point in the ocean. W are fortunate to have obtained
the data for location versus time fromthe first set of three
drifters tracked by satellite navigation in the western @l f of
Al aska from 17 July 1978 to 1 January 1979 (Reed 1980). As we
shift our presentation from gridded fields of velocity vectors to
spatial displacenents over tine, we can exanine drift conditions
anywhere within the grid. W wll discuss the geostrophic and
wind drift conmponents of flow separately from the new,
Lagrangi an vi ewpoi nt before we exam ne how well the original

nodel conputations agree with these drifter tracks.

Geostrophic Current

Geostrophic currents occur along streamines which are
i ndependent of time. Therefore, the nodel may be started from a
given location on any date and the flow will trace the sane
track. Figure 7(a) shows the drift displacenent caused only by
geostrophic flow.

The same features seen in the vector field presentation of
geostrophic flow (Fig. 2) are also seen in-this progressive
vector representation (Fig. 7(a)). On the shoreward side of the
oblong Qulf of Alaska Gyre, flow conditions are unrealistically
slow in the Alaskan Stream until the anplifying factor is added
(Fig. 7(b)). Maxinmum geostrophic flow occurs near and along the
2,000 m depth contour. Here, the surface water takes about 3
months (md-July to early Novenber) to get from Kodiak Island to
Uni mek Pass, but with the anplifier this geostrophic drift noves

the same distance in about 1 nonth (mid-July to md-August). The
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advant age of progressive vector plots over plots of velocity
vector fields is that the progressive vector plots give the
viewer a good estimate of net distance drifted over any
convenient tine interval (transport). These charts have a
practical application in finding the rate of transport of flotsam
(for exanmple, fish eggs and larvae or marine debris such as
derelict nets or garbage). The asymmetry of drift speeds in the
Gl f of Al aska Gyre appears to be greater than an order of
magni t ude. In the narrow Al askan Stream a planktonic object may
be swept out of the area of interest within 1 to 2 nonths, where
as the offshore return circuit around the Gyre, due only to
geostrophic flow, appears quite lengthy at about 2 years.
Conplexity of flow increases dramatically, however, with the

addition of wind effects.

Wnd Drift

By isolating the effects of wind on the flow regine, we show
that the wind conmponent of surface drift displacenent
(Fig. 8) generally increases offshore and toward the southeast.
Short-termvariability is pronounced and depends upon both
location within the grid and time scales of up to 2 weeks. Tine
scal es greater than 1 nmonth, however, show well -devel oped
di spl acenent trends. Eastward wind drift along lat. 50°N and
northerly drift into the head of the gulf nmove in the sane
direction as the geostrophic flow, but the eastward to
nort heastward trending wind drift over the continental terrace

clearly opposes the strong, narrow, southwestward geostrophic
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flow in the Alaskan Stream The tendency of the wind to force
the surface water offshore increases toward the west. This
supports the theory that the water recirculates. The magnitude
of net wind drift is weakest near Kodiak |sland and strongest
offshore, where it nore thandoubl es the geostrophic conponent.
Enbedded within these dominant features are nesoscale oscillatory
features. Although there is considerable neandering, the
easterly drift has few closed eddies. On the other hand, the
wind drift near Kodiak |Island appears to be conposed nostly of
eddies or tight meanders with very little net northerly. drift.
We nerged these two conponents- as vector suns to obtain tota

drift tracks..

Total Drift Versus Drifter Data

Al though the merged tracks displayed sone of the
characteristics of the original geostrophic and wind current
conponents described separately above, the characteristics of the
resultant tracks were nore unpredictable than expected. Using
the same starting points as the conponent nodel runs, the 1988
version of the nodel calculated total surface current (Fig. 9).
These cal cul ations clearly show the gyral nature of the overal
flowin the gulf. The strong southwestward geostrophic conponent
dom nates the flow in the A askan Stream despite the opposing
wind, and the wind features dom nate the eastward drift in the
of fshore branch of the gyre. O great concern was the small
circuit in the recirculation of the track started in the Al askan

Stream  This track turned offshore near long. 162°W as expected
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then proceeded eastward only to long. 156°W before turning to
rejoin the streamw thout making a full circuit around the gyre.
Qur concerns were anplified when nodel tracks were conpared to
actual drifter data

Di sparities were not unexpected between the original node
sinulations and the drifters started in the Al askan Stream
sout heast of Kodiak Island. The narrow, strong shear flow of the
Al askan Stream was obviously a poor place to start a nodel
simulation with a grid this coarse. Even the ground-truth
neasurenents with the three drifters (which were rel eased very
cl ose together (9 km) showed a wide dispersion over a five-nonth
drift (Fig. 10) (Reed 1980). Although the nodel run that started
at the initial release point did not show nuch promise as a
drifter track simulator (Fig. 11), certain features of our
conponent anal ysis above reveal ed potential simlarities and
further investigation did |lead to sone positive visua
correlations. Wen runs were started downstream at |ocations
outside the Alaskan Stream each of the three drifter tracks
(Figs. 12, 13, and 14) showed much closer agreement. W exam ned
alternative enpirical functions for conputing drift and used
linear tuning of equations to reach a final best-fit version of
t he nodel which could be used in other locations or for

variability studies,
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Figure 11. --Daily progressive vector track conputed by original (1988
OSCURS rodel from starting point of 17 July. gCorrpare tra?cks of
Ejhree drifters released near the same starting point on the same
ay.
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Figure 12 .--Daily progressive vector track conputed by the original

OSCURS from the downstream starting point
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Figure 13.--Daily progressive vector track computed by the original (1988)
OSCURS from the downstream starting point of 21 September on
the track of drifter No. 561.
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OSCURS from the downstream starting point of 21 September on
the track of drifter No. 753.
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REASSESSMENT OF DRI FT CALCULATI ONS

At this stage of devel opnent, the nodel's agreement wth
drifter tracks was nostly subjective. Al though there were
obvious deficiencies in the original 1988 version, visual
patterns in the offshore portion of the tracks indicated sone
prom sing clues for enhancing this agreement using other
enpirical relationships or best-fit tuning factors.

Di screpancies may arise through the conputations of either wind
or currents, but we preferred to |eave the established w nd
conputations (Larson 1975) unaltered and concentrate on
evaluating the effects of various other enpirical equations for
calculating current speed and the angle of deflection to the
right of the wind. W also show the sensitivity of conputed
tracks to speed or angle by varying the tuning factors one at a

tine.

Speed of Drift Driven by Wnd Speed

A summary of numerous enpirical formulae for calculating
drift currents fromfield and |aboratory data (Huang 1979) shows
the conmplexity of the problem of calculating an ocean current
froma given wind. Al though speed and angle of deflection are
weakly related, we will first discuss speed alone. W used three
selected functions to calculate drift speeds (Fig. 15): 3.5% of
the wind speed for an oilspill trajectory analysis nodel
(Sanmuels, et al. 1982), 1.5% of the wind speed from conparisons

with satellite drifters tracked in mdlatitude (MNally 1981),
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and 4.8 tinmes the square root of the wind speed (Wtting 1909;
Hubert and Laevastu 1965; |ngraham and M yahara 1988). Conput ed
current speeds will be quite different depending upon which
function is used and the local winds. Wnd frequencies (upper
part of Fig. 15) show that the OOOOZ wi nd speeds from4 to 16
m sec were encountered nost often along the offshore portion of
these drifter tracks from July through Decenmber 1978. Al three
functions give simlar currents at |ow wind speeds of a few
neters per second but diverge rapidly at greater wi nd speeds.
Sanuels et al.'s (1982) 3.5% will give unrealistically strong
currents at wind speeds greater than 15 misec; MNally's (1981)
1.5% appears to have an internmediate effect; and Wtting's (1909)
square root function appears the weakest in overall magnitude but
favorable in that it takes into account frictional effects which
woul d danpen the otherwi se linear increase in current at higher
wind speeds. In terms of percent of the wind speed, the Wtting
fornula takes on the characteristics of both the other functions:
at low wind speeds up to about 3 nmisec it is equivalent to the
formula of Sanuels et al. (3.5%; it decreases to McNally's
formula (1.5% near 10 misec and finally drops below 1% at wi nd
speeds beyond 24 nisec.

W started nodel runs using these three functions at
sel ected dates along each drifter track to find areas of
agreenent and to show the isolated effect of speed changes on
nmodel - generated tracks. Because of the large space divergences
between the three nmeasured drifter tracks (Nos. 400, 561, and

753), we will consider portions of each track separately.
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Drifter No. 400 started on 17 July (Fig. 16). The original
Wtting (run No. 1) and 1.5% (run No. 2) tracks were nearly
identical, slow with no significant offshore recirculation, but
the 3.5% track (run No. 3) showed nore discernible features of
the offshore flow despite the excessive speed. Runs Nos. 1 and 2
from 13 August near lat. 54°N, long. 158°W where the drifter
track started to nove offshore out of the Al askan Stream
(Fig. 17) both showed restricted, mnirecirculation, but the
recirculation of run No. 3 nearly matched the shape of the
drifter's 14-day meander near 1 Cctober. The speeds derived from
the 3.5% function were obviously too high: the distance tracked
by this function from 1 October to 1 Novenber was twi ce that
traveled by the drifter. Ofshore nodel runs from 21 Septenber
near lat. 53°N, long. 151°Win the eastward drift (Fig. 18a)
showed much better agreenent conpared to the inshore nodel runs,
as did the 21 Septenber runs for drifter No. 561 (Fig. 18b) and
drifter No. 753 (Fig. 18c).

W concluded that the Wtting fornula of the original nodel
was too slow and the function of Samuels et al. (3.5% was too
fast. An internediate function would be best for calculating
speed, perhaps a linear tuning rmultiplier tines the Wtting
fornula. A consistent feature in the nodel-drifter msmatch was
the tendency for all the above npdel tracks to stay to the |eft
of the drifter. Therefore, we went back to our Wtting speed
function and conputed a sinmlar sequence of nopdel tracks varying

the angle of deflection.
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Figure 16.--Three daily progressive vector tracks started at the group
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Three speed functions are compared; run No.
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Figure 17.--Three daily progressive vector tr
. of drifter No. 400 on 13 August. The same three speed functions
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Figure 18(a). --Three daily progressive vector tracks started at the |ocation
of drifter No. 400 on 21 Septenber. Three speed functions
are conpared in offshore water; run No. 1 (Wtting, run

No. 2 (1.5%, and run No. 3 (3.5%.
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Cl ockwi se Angle of Deflection

There is still conflict of opinion over which function best
conputes the angle of deflection of surface drift to the right of
the wind vector (Amstutz and Sanuels 1984). Most studies
(Samuels. et al. 1982; Neumann 1939) indicate that the angle
decreases with increasing wind speed (Fig. 19), as does our
choice of the Wtting function for the 1988 OSCURS. \Wber
(1983), however, reports an increasing function which varies from
23 degrees at a low wind speed of 5 msec to 30 degrees at a high
wi nd speed of 30 misec, further conplicating the issue. Fi gure
19 sunmarizes this dispute by giving a visual conparison of the
functions (Anstutz and Sanuels 1984), but MNally (1981) presents
sonme support for larger angles of deflection in a conparison of
wind and ocean drifter movenments, indicating an angle of
defl ection of 20-30 degrees for wind speeds from2 msec up to
about 10 misec. As in the above discussion of speed only, the
wi nd frequencies shown near the bottom of Figure 19 (dotted I|ine)
i ndicate that about half of the tine (for winds greater than 11
m sec) angles of deflection conputed by the witting forrmula in
our original nodel were relatively small, |less than 10 degrees.
We chose three functions to show the sensitivity of the conputed
tracks to angle of deflection: 1) Wtting, 2) a constant 20
degrees, and 3) a constant 30 degrees.

For drifter No. 400 with a 17 July starting date (fig. 20)
the recirculation feature opened up nicely when a constant 20 or
30 degree clockw se deflection angle was used in runs No. 2 and

No. 3, respectively: but the overshoot of the npdel tracks past
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# e ¥ Fram figure 2 of Weber (1983)
a0 ¢ - 0= 25%exp {10 5w’}
vg
. Samueis et at: (1882)
== 8 m= =220 .53(W4)%
Neumann (1939)

Q=340 -7.5(W)%
Witting (1909)
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Angle of Deflection(®)
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Figure 19.--A conparison of four enpirical functions for computing angle of
deflection of the surface current to the right of the wind versus
wi nd speed. Average frequency of daily wind speeds (dots) at
the three drifter locations by 2 misec bins (100 days total).
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the location where drifter No. 400 turned offshore was little
affected and the speed was still slow, about 60% of the drifter
speed. Farther downstream the runs that started on 13 August at
the corner of the Al askan Stream recirculation (Fig. 21) showed
better agreement and also had a nore realistic speed. W were
particularly encouraged by the offshore 21 Septenber runs
(Fig. 22a), with run No. 2 (20 degrees) showing all the essentia
features of the drifter track and speeds of about 80% of the
drifter speed. The 21 Septenber runs on drifter tracks No. 561
(Fig. 22b) and No. 753 (Fig. 22c) also confirned this agreenent.
These three drifters were released at the sane |ocation on the
same day, but they drifted for two nonths and had separated
considerably at the end of this time. Drifter No. 400
recirculated first on 13 August at long. 158°W and was farthest
east (long. 151°W on 21 Septenber. Drifter No. 561 began its
recirculation at the sane place as drifter No. 400 (long. 158°W
but recirculated over 2 weeks later on 2 Septenmber and ended up
between the others at long. 155°Won 21 Septenber. Drifter No
753 began to recirculate on 3 Septenmber but at a |ocation much
farther downstream (long. 165°W, and by 21 Septenber had reached
only long. 162°W W concluded from visual inspection that a
constant angle of deflection between 20 and 30 degrees gave the
best fit, but that speed and angle nust be tuned together to take

into consideration their mutual interaction.
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Figure 21. --Three daily progressive vector tracks started at the location of
drifter No. 400 on 13 August. The same three angles of
defl ection functions (Fig. 20) are conpared for runs started
downstream at the beginning of recirculation.
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Figure 22(Db).--Three daily progressive vector tracks started at the |ocation
of drifter No. 561 on 21 Septenber. Three angle of deflection
functions are conpared--1) Wtting, 2) constant 20 degrees,
E(ITQ/\(; 3) c)onstant 30 degrees--for the same speed function

tting).
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Figure 22(c)

DAILY PROGRESSIVE VECTORS OCEAN CURRENTS
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.--Three daily progressive vector tracks started at the location
of drifter No. 753 on 21 Septenber. Three angle of deflection
functions are conpared--1) Wtting, 2) constant 20 degrees,
and 3) constant 30 degrees--for the same speed function
(Wtting).
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Fi nal Tuning Factors

W will examine two time scales in selecting the fina
tuning factors (w nd, geostrophic, and deflection angle) which
determine a best-fit nodel-drifter agreement. The larger scale
nodel s an offshore portion of the track between 21 Septenber and
31 Decenber (100 days). The zoom scale nodels a subset from 21
Septenber to 18 Cctober (26 days), because that portion of the
track had the best frequency of satellite readings to verify the
daily drifter positions (nearly daily). The wind speed tuning
factor is a linear multiplier of the Wtting forrmula, and we use
a separate linear tuning factor as a nmultiplier of the
geostrophic conmponent.' In this analysis, we made runs with a
conbi nation of tuning factors of 1.0, 1.1, 1.2, 1.3, and 1.4.
This allowed us to examne the effect of increasing the wind
current or the geostrophic current by increments of 10% while
varying the deflection angles from a constant 20 degrees to a
constant 30 degrees. Refer to Figure 22 for runs with the
baseline or 1.0 w nd speed factor.

For drifter No. 400, the best conmbination of tuning factors
was a wind factor of 1.2 and a geostrophic factor of 1.2
(Fig. 23). Run No. 1 with a constant angle of deflection of 20
degrees showed a very close agreenment to the drifter track, while
the track for a constant 30 degrees turned considerably to the
right. Although the 1 Decenber location on the model track
(small 12) did not quite reach the drifter's location on 1
Decenber (large 12) (indicating that the speed of the nodel over

the large scale was slightly slower), the match was nearly
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Figure 23 .--Drifter No. 400 and daily progressive vector tracks (start =
21 Septenber, end = 31 Decenber, wind = 1.2, geostrophic = 1.2);
compari sons for angle of deflection values of 1) 20 degrees and
2) 30 degrees. Model track No. 2 shows best fit.
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perfect over the zoom scale (Fig. 24). Ve have presented tracks
using the three angle of deflection functions on the small scale
with wind = 1.0, 1.2, and 1.4 (Figs. 25(a), 25(b), and 25(c),
respectively) to show a convincing perspective that the constant
20 degree angle (run No. 2, Fig. 25b) is the best choice for
closest fit to drifter track No. 400. Because the same overal
speed increase fromtuning (wind = 1.2, geostrophic = 1.2) nay
al so be obtained by decreasing the wind factor to 1.0 and
i ncreasing the geostrophic factor to 1.5 we nade five runs
increasing the geostrophic factor by increments of 0.1. One
representative track (wind = 1.0, geostrophic = 1.5, deflection
angle = 20 degrees) showed the simlarity (Fig. 26), but it was
not better than the previously chosen best-fit track (wind = 1.2
geostrophic = 1.2, deflection angle = 20 degrees), especially
considering the resolution of the nodel which is estimated by the
visual scatter of several other npdel tracks started two days
apart over this sanme zoom portion of the drifter track (Fig. 27).

The results for drifter No. 561 were suspect. Mich of the
satellite position data was questionable when conpared to tracks
of the other two drifters. Computed tracks (start = 21
Septenber, wind = 1.2, geostrophic = 1.2, deflection angle = 20
degrees) slightly west of drifter No. 400's location on the same
date for each of the three angle functions (Fig. 28) showed a
simlar angular relationship to drifter track No. 561 but nuch
sl ower speeds. Trial runs indicated that a wind factor of 2.0
woul d be required to bring the nodel into approxi mate agreenent

with the drifter. 'This unacceptably large factor confirned that
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Figure 24. --Drifter No. 400 and daily progressive vector tracks (start = 21
Septenber, end = 18 Cctober, wind = 1.2, geostrophic = 1.2,
deflection angle = 20 degrees); zoom scale plot of best fit nodel
run.

6



DAILY PROGRESSIVE VECTOR OISTANCE SURFACE OCEAN CURRENTS
FROM 78 - 9 - 21 (WIND = 1.00)
0 78 - 10 - 18 (GEASTROPHIC = 1.20)

Figure 25(a).--Drifter No.

400 and daily progressive vector tracks (start =
21 Septenber, end = 18 Cctober, wind = 1.0, geostrophic =
1.2); conparison of three angle of deflection functions;

1) ‘Wtting, 2) 20 degrees, and 3) 30 degrees. First in a
series wind = 1.0, 1.2, and 1.4.
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DAILY PROGRESSIVE VECTOR DISTANCE SURFACE OCEAN CURRENTS

FROM 78 - 9 -~ 21 (WIND = 1.20)
TO 78 - 10 - 18 (GEOSTROPHIC = 1.20)

Figure 25(b).--Drifter No. 400 and daily progressive vector tracks (start =
21 Septenber, end = 18 Cctober, wind = 1.2, geostrophic =
1.2); conparison of three angle of deflection functions:
1) Wtting, 2) 20 degrees, and 3) 30 degrees. Second in a
series, wnd =1.0, 1.2, and 1.4.
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DAILY PROGRESSIVE VECTOR DISTANCE
FROM 78 - 9 - 21
T0 78 - 10 - 18

SURFACE OCEAN CURRENTS
(WIND = 1.40)
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Figure 25(c).--Drifter No. 400 and daily progressive vector tracks (start =
21 Septenber, end = 18 Cctober,

wind = 1.4, geostrophic =

1.2); conparison of three angle of deflection functions:

1) Wtting, 2) 20 degrees, and 3) 30 degrees. Third in a
series, wwnd = 1.0, 1.2, and 1.4.
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the drifter position data were suspect and precluded further
anal ysi s. Fortunately, conparisons of mpdel runs that started
along the track of the last drifter (No. 753) confirmed our
findings with drifter No. 400, giving credence to our results.

As we did with the other two drifter tracks (Fig. 23 and
Fig. 28), we conpared the nodel runs for the three angle of
defl ection functions to drifter track No. 753 (Fig. 29). On the
large scale there is nearly a perfect match over the last nonth
of drift and at the end point. However, this agreement was for
an angle of 30 degrees, whereas the angle of drifter No. 400 was
20 degrees. This would seem to |ower expectations of accuracy
for the nmodel to a 10 degree range (plus or mnus 5 degrees), and
this was apparently confirmed by the scatter in the conposite
plot of 11 nodel tracks (Fig. 30) started 2 days apart between 21
September and 10 Cctober. This scatter or variability seenmed
excessive, however, and further exam nation gave nore insight
into the nodel's behavior under changing atnospheric conditions.
When strong storns pass by slowy over several days, they cause
| ooping (drifter No. 753) or neandering (drifter No. 400) in the
trajectories of objects drifting near the ocean surface. From 23
to 28 Septenber, drifter No. 753 conpleted such a closed |oop
and the nodel -conputed track also followed a closed | oop. An
enl argement of Figure 30 allowed us to narrow down sone of the
scatter related to processes which caused the curvature of the
drifter's path. The curvature of the drifter track was
anticyclonic before the closed cyclonic eddy appeared, and the

anticyclonic drift tended to resune for a short while after the
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eddy. Al nodel tracks that began before 1 COctober tended to
stay to the left of the drifter track (Fig. 31(a)), while all the
model tracks started after 1 Cctober, when the curvature of the
track reversed to cyclonic,. tended to stay to the right of the
drifter track (Fig. 31(b)). Although this is yet to be
explained, it points out that the straighter portions of the
track woul d provide better locations fromwhich to start nodel
runs. Places where the inflection in curvature changes sign
such as on 29 Septenber, provide simlar representative start
| ocations. Replotting Figure 29 for a 29 Septenber starting
point (Fig. 32) gave us a nore accurate assessnent of the
best-fit angle of deflection mdway between 20 and 30 degrees.
W can find no significantly better nmatch than the Wber (1983)
function (Fig. 33(a) and Fig. 33(b) --zoom for the appropriate
angl e of deflection.

Now that we have established the 1.2 nultiplication factor
for current speed conputation functions (wind and geostrophic)
and Weber's function for the angle of deflection (averages about
26 degrees), this tuning phase for OSCURS is conpleted
Subsequent publications will discuss applications of the nodel to

i nvestigations of interannual variability of ocean currents.
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Figure 31(b).--Drifter No. 753 and a conposite plot of five daily progressive
vector tracks from nmodel runs wth the same tuning factors
tuning factors (wind = 1.2, geostrophic = 1.2, deflection
angle = 30 degrees) but started at 0000Z drifter locations 2
days apart on 2, 4, 6, 8, and 10 Cctober. Not e that nodel
tracks tend to stay to the right of the drifter track,
contrary to Figure 31(a).
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Figure 33(b).--Drifter No. 753 conpared to a conputed daily progressive
vector track (start = 29 Decenber, end = 20 COctober, wind =
1.2, geostrophic = 1.2, deflection angle = Wber's function).
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